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A METHOD TO CONFER FORMALDEHYDE-RESISTANCE TO A PLANT, 
AND A METHOD TO HAVE A PLANT TO ABSORB THE 
ENVIRONMENTAL FORMALDEHYDE 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates to a method to confer formaldehyde-resistance 
to a plant comprising the steps of; introducing gene(s) encoding enzyme(s) 
involved in the metabolic system of formaldehyde into the plant and having 

10 the gene(s) expressed in the chloroplast, thereby the ability to assimilate 
formaldehyde into an intermediate of the Calvin cycle is conferred to said 
plant, and to a transgenic plant produced by the method. Moreover, this 
invention relates to a method to have a plant to absorb environmental 
formaldehyde comprising the steps of; introducing gene(s) encoding 

15 enzyme(s) involved in the metabolic system of formaldehyde into the plant 
and having the gene(s) expressed in the chloroplast, thereby the ability to 
assimilate formaldehyde into an intermediate of the Calvin cycle is conferred 
to said plant, and to a transgenic plant produced by the method. 

2. Background Art 

20 [0002] Formaldehyde is a chemical substance existing in building materials 
etc., and it is known to cause sick house syndrome, because formaldehyde 
effects to human body even if the concentration in the atmosphere is very low. 
The regulation of environmental standard of formaldehyde is expected to 
become stricter than before, for example, the use of building materials which 

25 release formaldehyde is prohibited according to the amendment of Building 
Standard Law dated July 1, 2003. Therefore, in view of decreasing the 
amount of substances involved in environmental pollution (for example 
phytoremediation using a plant), a method available to remove and to decrease 
the concentration of environmental formaldehyde has been demanded. 

30 [0003] Meanwhile, as a technique to decrease the concentration of 

environmental formaldehyde by a biological means, a method using a 
microorganism that can degrade formaldehyde has been known. However, 
until now, a technique to decrease formaldehyde concentration using a 
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transgenic plant has not been known, which comprising production of the 
transgenic plant introduced with a gene encoding an enzyme involved in 
metabolic system of a plant. Moreover, despite that there have been 
techniques to confer resistance to various stresses to a plant by performing 
5 gene recombination in a plant, there has not been an example to incorporate a 
gene involved in metabolic system, in view of environmental purification. 
[0004] Meanwhile, as an example of environmental purification using a plant, 
a method to clean-up dioxin containing medium is known, and the method is 
characterized in that Ri plasmid derived from Agrobacterium rhizogenes is 

10 introduced into a plant of Solanaceae, Cruciferae, Umbelliferae, 

Chenopodiaceae, Leguminosae, Compositae, or Saxifragaceae to induce the 
hairy root of the plant, and contacting it with the dioxin containing medium to 
have the dioxin absorbed or decomposed by the hairy root or by the 
re-generated plant body (Japanese Patent Publication No. 2000-176433). 

15 However, this report is not directed to formaldehyde. 

[0005] In addition, as a knowledge on the formaldehyde metabolism of a 
plant, it has been reported that a plant body, in which the expression of 
glutathione-dependent formaldehyde dehydrogenase (FALDH) derived from 
Arabidopsis thaliana is manipulated, has been produced (Plant Physiol. 2003). 

20 As a result, the intake of formaldehyde was enhanced in a plant body in which 
FALDH was over-expressed, whereas the intake of formaldehyde was 
apparently low in a wild-type plant body in which the expression of FALDH 
had not been manipulated. From this result, it is apparently suggested that 
FALDH is involved in detoxification of formaldehyde. 

25 [0006] Meanwhile, among microorganisms, existence of methylotrophic 

microorganisms, which can grow using a compound having one carbon (CI 
compound) such as methanol has been known. Such microorganism is 
provided with a metabolic pathway that serves to fix formaldehyde derived 
from methanol, as a carbon source. Moreover, hexose-6-phsophate synthase 

30 and 6-phosphohexulose isomerase are involved in such metabolic pathway of 
the methylotrophic microorganism. 

[0007] In connection to this, said gene encoding the enzyme derived from the 
methylotrophic microorganism is introduced into Burkholderia capacia TM1, 
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which is an organism not having the ability to utilize methanol, and the 
enzyme is over-expressed in the microorganism. Then it is reported that the 
intake of formaldehyde is increased and the metabolic pathway to generate 
formaldehyde by metabolism of vanillic acid is activated (Appl. Environ 
5 Microbiol. 2003). Such knowledge indicates that the ability to degrade 
vanillic acid can be also improved in a non-methylotrophic microorganism 
through the pathway of hexulose-6-phosphate synthase/6-phosphohexulose 
isomerase. 

DISCLOSURE OF THE INVENTION 

10 [0008] It is therefore an object of the present invention to provide a method to 
improve the ability to absorb formaldehyde in a plant, by introducing 
metabolic system of formaldehyde into the plant, for the purpose to decrease 
environmental concentration of formaldehyde. It is assumed that such plant 
has resistance to formaldehyde, therefore, it is also an object of the present 

15 invention to provide a method to enhance formaldehyde resistance in a plant. 
It is also an object of the present invention to expand such method to 
autotrophy in general, not only plant species. 
[0009] Therefore, this invention provides a method to confer 
formaldehyde-resistance to an autotrophy comprising the steps of; introducing 

20 gene(s) encoding enzyme(s) involved in the metabolic system of 

formaldehyde into the autotrophy having the Calvin cycle and having the 
enzyme(s) involved in the metabolic system artificially expressed in the 
autotrophy, thereby formaldehyde-resistance is conferred to the autotrophy. 
Such transgenic autotrophy is also included within the range of this invention. 

25 [0010] Moreover, this invention provides a method to have an autotrophy to 
absorb formaldehyde comprising the steps of; introducing gene(s) encoding 
enzyme(s) involved in the metabolic system of formaldehyde into the 
autotrophy having the Calvin cycle and having the enzyme(s) involved in the 
metabolic system artificially expressed, thereby the autotrophy is made to 

30 absorb formaldehyde. Such transgenic autotrophy is also included within the 
range of this invention. 

[0011] Moreover, this invention provides a method to confer 
formaldehyde-resistance to a plant comprising the steps of; introducing genes 
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encoding hexulose-6-phosphate synthase and 6-phosphohexulose isomerase 
into the plant and having the genes expressed in the chloroplast of the plant, 
thereby the ability to assimilate formaldehyde into an intermediate of the 
Calvin cycle is conferred to the plant. Such transgenic plant is also included 
5 within the range of this invention. 

[0012] Moreover, this invention provides a method to have a plant to absorb 
environmental formaldehyde comprising the step of; introducing genes 
encoding hexulose-6-phosphate synthase and 6-phosphohexulose isomerase 
into the plant and having the genes expressed in the chloroplast of the plant, 
10 thereby the ability to assimilate formaldehyde into an intermediate of the 

Calvin cycle is conferred to the plant. Such transgenic plant is also included 
within the range of this invention. 

[0013] According to the present invention, it became possible to produce a 
transgenic plant having a pathway to metabolize formaldehyde through the 

15 Calvin cycle, by introducing genes encoding hexulose-6-phosphate synthase 
and 6-phosphohexulose isomerase into the plant and having the genes 
expressed in the chloroplast of the plant. Such transgenic plant has 
resistance to environmental formaldehyde, and capable of reducing 
environmental formaldehyde significantly. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig.l is a figure showing the strategy to render the ability to 
assimilate formaldehyde by the method according to this invention. 
[0015] Fig. 2 is a figure showing the structures of the DNA construct 
containing rmpA gene and that containing rmpB gene used in the examples. 

25 [0016] Fig. 3 is a figure showing the strategy to construct the plasmid 
containing rmpA gene. 

[0017] Fig. 4 is a figure showing the strategy to construct the plasmid 
containing rmpB gene. 

[0018] Fig. 5 is a figure showing the sequences of the primer for the plasmid 
30 containing rmpA gene, the transit peptide, and rmpA gene (SEQ ID NOS: 2, 3, 
5, 7, 8, and 9). 

[0019] Fig. 6 is a figure showing the sequences of the primer for the plasmid 
containing rmpB gene, the transit peptide, and rmpB gene (SEQ ID NOS: 1, 4, 
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5, 6, 8, and 10). 

[0020] Fig. 7 is a graph showing the effect of formaldehyde on the fresh 
weights of the plant bodies of the transgenic plant and the control plant of 
Arabidopsis thaliana. 
5 [0021] Fig. 8 is a graph showing the HPS activity and the PHI activity, 
evaluated on the transgenic plant and the control plant of Arabidopsis 
thaliana, 

[0022] Fig. 9 is a photograph showing formaldehyde resistance and 
formaldehyde intake, evaluated on the transgenic plant and the control plant 

10 of Arabidopsis thaliana. 

[0023] Fig. 10 is a graph showing the ratio of intake of liquid formaldehyde in 
the transgenic plant and in the control plant of Arabidopsis thaliana. 
[0024] Fig. 11 is a graph showing the HPS activity and the PHI activity, 
evaluated on the transgenic plant and the control plant of tobacco. 

15 [0025] Fig. 12 is a photograph showing formaldehyde resistance and 
formaldehyde intake, evaluated on the transgenic plant and the control plant 
of tobacco. 

[0026] Fig. 13 is a photograph showing resistance against formaldehyde, 
evaluated on the transgenic plant and the control plant of tobacco. 

20 [0027] Fig. 14 is a photograph showing the effect of formaldehyde on the root 
growth of the transgenic plant and the control plant of tobacco. 
[0028] Fig. 15 is a photograph showing formaldehyde resistance in the plant 
line expressing rmpA gene (A-l), in the plant line expressing rmpB gene (B-l), 
and in the crossbred line of them (A-l X B-l). 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] The present inventors found that the ability to assimilate 
formaldehyde to an intermediate of the Calvin cycle can be conferred to a 
plant, by introducing the gene encoding hexulose-phosphate synthase 
(hereafter, referred to HPS) and the gene encoding 6-phosphohexulose 

30 isomerase (hereafter, referred to PHI) into the plant. 

[0030] That is, formaldehyde, which is a harmful chemical substance, can be 
incorporated into the Calvin cycle and assimilated, therefore, environmental 
formaldehyde can be absorbed into the plant and concentration of 



04863 (5/17) 



Clean Copy of Substitute Specification 

-6- 

formaldehyde can be decreased. In other word, the transgenic plant 
according to this invention has a pathway to metabolize formaldehyde through 
the Calvin cycle, and thus the environmental formaldehyde can be treated. 
Moreover, it is assumed that such transgenic plant has resistance to 
5 formaldehyde. 

[0031] The strategy of the present invention is shown in Fig.l. 
Ribulose-5-phosphate (Ru5P), which is an intermediate of the Calvin cycle, 
binds to formaldehyde (HCHO) by the enzymatic reaction mediated by HPS, 
and 3-hexulose-phosphate is formed. Then the formed 
10 3-hexulose-6-phosphate is converted to fructose-6-phosphate (Fru6P) by the 
action of PHL Fru6P is also an intermediate of the Calvin cycle, therefore, 
formaldehyde is incorporated into the intermediate of the Calvin cycle 
consequently, and formaldehyde is assimilated through metabolic system of 
the Calvin cycle. 

15 [0032] Meanwhile, in Fig.l, RuBP means Ribulose-l,5-bisphosphate, FBP 
means fructose-l,6-bisphosphate and Xu5P means xylulose-5-phosphate. 
Moreover, rmpA means a gene encoding HPS, rmpB means a gene encoding 
PHI, and a DNA construct containing these genes was constructed. The 
strategy to construct the plasmid containing said rmpA gene and said rmpB 

20 gene will be described in detail in the following Examples. 

[0033] In a transgenic plant over-expressing these enzymes by introduction of 
the HPS gene and the PHI gene, the ability to treat environmental 
formaldehyde enhanced. The most prominent feature of this invention lies in 
that a novel metabolic pathway to metabolize formaldehyde through the 

25 Calvin cycle is provided, by expressing the HPS and the PHI. Various 

modifications can be made within the range of this invention as described and 
present invention can be performed properly. 

[0034] As described in detail in the following Examples, such transgenic 
plant was effective to decrease the concentration of formaldehyde in the 
30 atmosphere. Moreover, such transgenic plant exhibited resistance against 
formaldehyde. Meanwhile, the amino acid sequences of the enzymes 
involved in this invention (i.e. HPS and PHI) and the nucleotide sequences 
encoding these enzymes have been known so far (accession No.: AB034913). 
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[0035] Therefore, it is assumed that the technique according to this invention 
that enables reduction of environmental formaldehyde can be applied for 
many purposes. For example, the HPS gene and the PHI gene can be 
introduced into foliage plants, garden plants or street trees. Such transgenic 
5 plants are useful to decrease the environmental pollutants in the atmosphere, 
soil and water (phytoremediation). In addition, the transgenic plant 
according to this invention is useful for the treatment of residual 
formaldehyde utilized in agricultural industry, fishing industry and industry 
etc. 

10 [0036] For the purpose to produce the transgenic plant according to this 
invention, a DNA construct for expression of the HPS gene, and a DNA 
construct for expression of the PHI gene are constructed. Of course, such 
DNA construct harbors gene encoding HPS or gene encoding PHI. In 
addition, at the upstream of these genes, the DNA construct also harbors a 

15 promoter sequence to enhance the expression of the genes in the plant, a 

transit peptide to have the genes expressed at a desired site (e.g. chloroplast), 
and a gene involved in drug resistance which is used for selection of the 
transgenic plant by the drug resistance. The method according to this 
invention utilizes the Calvin cycle that relates to photosynthesis, therefore, 

20 expression of HPS and PHI in the chloroplast is a preferred embodiment 
according to this invention. 

[0037] The promoter to be utilized is not particularly limited, however, PrbcS 
used in the following Examples is particularly preferable, because it has 
potent efficacy and its efficacy exhibits high relationship with photosynthesis. 

25 Despite of it, various other promoters conventionally utilized in this technical 
art can be also adopted. Moreover, the drug resistance gene to be utilized is 
not particularly limited, gentamicin resistant gene and kanamycin resistant 
gene utilized in the Examples are preferred, and various other drug resistance 
genes conventionally utilized in this technical art can be also adopted. 

30 Meanwhile, these drug resistance genes are useful for the selection of 

transformants. However, considering that diffusion of antibiotic resistance 
is not socially preferable, it is desired that the drug resistance be removed 
when the transformants are put into the market. 
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[0038] The DNA construct described above can be introduced into bud or 
callus of a plant for transformation. As the method for transformation, 
various methods such as agrobacterium method, protoplast method, PEG 
method, electroporation method and particle gun method have been known. 
5 As a preferred embodiment, agrobacterium EHA101 pMP90 is utilized in the 
following Examples, various methods for gene introduction can be utilized ad 
libitum. Then, transformants in which the gene is introduced can be selected 
using the drug resistance as the index, to obtain the transformants. In 
addition, the expression of an exogenous gene is not high in general. 
10 However, the expression of the genes encoding HPS and PHI can be enhanced 
due to the promoter inserted into these constructs, and these genes can exert 
their effects. 

[0039] Here, the target plant of gene introduction is not particularly limited. 
In the following Examples, the genes encoding the enzymes are introduced 

15 into Arabidopsis thaliana and tobacco as the representative plants. However, 
the genes encoding HPS and PHI can be introduced into various other plants 
in the same manner, and the ability to remove and/or absorb formaldehyde can 
be rendered to the plant, which is understood by a skilled artisan. A plant 
belonging to Solanaceae, Cruciferae and various other dicotyledonous plans 

20 can be included in the preferred plant, however, the species of the plants are 
not limited to them, and present invention can be applied to e.g. 
monocotyledonous, theoretically. 

[0040] As concrete examples of the plant, pothos, pachira, benjamin, 
concinna, crest gold, sansevieria can be listed as a foliage plant and gardening 

25 plant, however, it is not to be limited to them. Moreover, cherry tree, 

zelkova, maidenhair tree, plane tree, saddletree, poplar, maple tree can be 
listed as a street tree, however, it is not to be limited to them. 
[0041] Moreover, it is assumed that application of the method according to 
this invention is not limited to only plants, and the method can be generally 

30 applied to autotrophy having the Calvin cycle. Here, the autotrophy means 
an organism having photosynthetic function or a function similar to it, which 
is capable of producing organic compounds from H 2 0 and C02, and it is 
intended to exclude heterotrophic organisms. As concrete Examples of such 
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organism, in addition to plants in general, photosynthetic bacteria, 
cyanobacteria, and algae can be listed. As these autotrophies have the 
Calvin cycle, the ability to assimilate formaldehyde can be rendered to these 
organisms using same strategies. 
5 [0042] As a concrete means to metabolize formaldehyde through the Calvin 
cycle, it is preferred to introduce the genes encoding HPS and PHI into a plant, 
as performed in the following Examples, However, the means to achieve this 
invention is not necessarily limited to introduction of the genes encoding said 
enzymes. 

10 [0043] For example, methylotrophic yeasts have dihydroxyacetone synthase 
(DHAS) and dihydroxyacetone kinase. Owing to the function of these 
enzymes derived from the yeast, formaldehyde can be fixed to 
xylose-5-phosphate to produce dihydroxyacetone-3 -phosphate and 
3-phosphoglyceric acid. In this reaction, both of the substrates and the 

15 products are approximately identical to the intermediates of the Calvin cycle, 
therefore, it is assumed that such knowledge may be also utilized to achieve 
this invention. 

[0044] That is, as other genes encoding enzymes that can be utilized in this 
invention, genes encoding dihydroxyacetone synthase (DAS1) and 

20 dihydroxyacetone kinase (DAK1) can be combined and the combination can 
be also adopted. As described above, in this case, reaction of 
xylose-5 -phosphate and formaldehyde are catalyzed by dihydroxyacetone 
synthase, and 3-phosphoglyceric acid and dihydroxyacetone are produced. 
The latter product is converted to dihydroxyacetone-3-phosphate by 

25 enzymatic reaction catalyzed by dihydroxyacetone kinase (DHAK), and then 
the product is incorporated into metabolic system through the Calvin cycle. 
According to this invention, such embodiment can be also performed. 
[0045] Such embodiment is also within the range of this invention. In this 
specification, "gene encoding enzymes involved in the metabolic system of 

30 formaldehyde" is not limited to genes encoding HPS and PHI, and it is 

intended to include other genes encoding enzymes available to metabolize 
formaldehyde and to incorporate the metabolite into the Calvin cycle. 
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[0046] Example 1 : Analysis using Arabidopsis thaliana 
(Construction of the construct) 

In Arabidopsis thaliana, as a vector for expression of HPS and PHI, a 
5 DNA construct was produced and it contained the gene encoding HPS (rmpA) 
and the gene encoding PHI (rmpB). The structures of the two DNA 
constructs produced are shown in Fig. 2. Meanwhile, in addition to the genes 
encoding HPS and PHI, a transit peptide to have HPS and PHI expressed in 
chloroplast, and drug resistance genes (kanamycin resistance gene, gentamicin 
10 resistance gene) for selection of the transformant were also inserted into the 
construct. 

[0047] Then the strategies for production of the construct for expression of 
HPS containing rmpA gene, and the construct for expression of PHI 
containing rmpB gene are shown in Fig. 3 and Fig. 4. The rmpA gene and the 

15 rmpB gene are located within an identical operon of Mycobacterium gastri 

MB 19, which is a methylotrophic bacterium of Mycobacterium. As well, the 
bacteria is a prokaryotic organism and the promoter from the bacteria can not 
operate in a plant body. Therefore, only the coding regions of rmpA gene 
and rmpB gene were obtained, and the chimeric gene containing the plant 

20 promoter for transformation was constructed. 

[0048] The rmpA gene was amplified by PCR (rmpA sense 

GCTTGCAAGGGGTAACCATGACG : SEQIDNO.U rmpA antisense: 

TCTAGAGGATCAGGCGATCGC : SEQ ID NO. 2), and the PCR product and 

Puc-Rbcs-3C were digested by SphI and BamHI. The isolated rmpA gene of 
25 624 bp and the vector fragment of 4.6 kb were isolated, rmpA gene was ligated 
to the vector, to produce pUC-RbcS-rmpA plasmid. The pUC-RbcS-rmpA 
and binary vector pPZP221 were digested, RbcS-rmpA insert of 2.4 kb and 
vector band pPZP211 were isolated, and they were ligated to produce 
pPZP221 rmpA plasmid. 
30 [0049] Here, the portion utilized as the sequence of transit peptide was 

nucleotide number 298-468 of accession No: X05986, and the portion utilized 
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as the sequence of the rpmA gene was nucleotide number 2518-2150 of 
accession No: AB034913. The sequences of the primer, the transit peptide, 
and rmpA gene of the construct are shown in Fig. 5. 
[0050] Moreover, rmpB gene was amplified by PCR (rmpB sense 

5 GCTTGCAAGGGGTAACCATGACG : SEQ ID NO. 3, rmpB antisense: 

TCTAGATCCGGGTCACTCGAG : SEQ ID NO. 4), and the PCR product and 

pUC-Rbcs-3C were digested by SphI and Xbal. The isolated rmpB gene of 
600 bp and the vector fragment of 4.6 kb were isolated, and the rmpB gene 
was ligated to the vector to produce pUC-RbcS-rmpB plasmid. The 

10 pUC-RbcS-rmpB and binary vector pPZP221 were digested by Hindlll and 
Xbal, pRbcS-rmpB insert of 2.4 kb and the vector band pPZP221 of 10 kb 
were isolated, and they were ligated to produce pPZP221 rmpB plasmid. 
[0051] Here, the portion utilized as the transit peptide sequence was 
nucleotide number 298-468 of accession No: X05986, and the portion utilized 

15 as the rpmB gene sequence was nucleotide number 1845-2456 of accession 
No: AB034913. The sequences of the primer, the transit peptide, and rmpB 
gene of the construct are shown in Fig. 6. 
[0052] (Selection of the transformants) 

Using the plasmid thus constructed, Arabidopsis thaliana was 

20 transformed by Agrobacterium method. In concrete, Arabidopsis thaliana 
was transformed by rmpA, and the transformant was selected by kanamycin 
resistance introduced together with the rmpA. Afterward, the transformed 
plant was further transformed by rmpB, and the transformant was selected by 
gentamicin resistance introduceded together with the rmpB. By this way, 

25 transformants introduced with both of rmpA gene and rmpB gene were 

selected. Conversely, Arabidopsis thaliana was transformed by rmpB and 
the transformant was selected by gentamicin resistance introduced together 
with the rmpB. Afterward, the transformed plant was further transformed by 
rmpA, and the transformant was selected by kanamycin resistance introduced 

30 together with the rmpA. By this way, the transformants introduced with both 
of the rmpA gene and the rmpB gene were selected. 
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[0053] (Confirmation of the introduced gene) 

Then, as to the transformant of Arabidopsis thaliana thus produced, 
incorporation of the gene was investigated by RT-PCR and northern blot 
analysis. As the result, by treating with the construct containing rmpA gene 
5 and rmpB gene, it was confirmed that both genes were introduced into the 
transformants thus obtained. Moreover, it was further confirmed whether or 
not the expression of enzymatic proteins encoded by the genes could be 
observed, by western blotting analysis using an antibody against HPS. As 
the result, the expression of HPS protein derived from rpmA gene was 

10 confirmed. 

[0054] (Resistance against formaldehyde) 

The formaldehyde resistance of the transgenic plants introduced with 
these genes (rpmA, rpmB) was investigated by the fresh weights of the plant 
bodies (Fig. 7). After selection by antibiotics, the seedlings were transferred 

15 to agar medium not containing antibiotics, and they were grown for one week. 
After that, the seedlings were transferred to agar medium added with 50 jal 
formaldehyde (37%) per 100 ml, the fresh weights were measured after they 
were grown for 4 to 5 weeks. In Fig. 7, the upper panel shows the result 
obtained from agar medium not added with formaldehyde, the middle panel 

20 shows the result obtained from agar medium added with 50 jal formaldehyde, 
the lower panel shows the result obtained by agar medium added with 80 \i\ 
formaldehyde. Moreover, in Fig. 7, AB1 to AB5 show transgenic plants 
introduced with the both genes (rmpA and rmpB), and CK1 to CK5 show the 
control plants. 

25 [0055] As a result, as to the fresh weights of the plant bodies under the 
circumstance not containing formaldehyde, no difference was observed 
between the control group (CK1-CK5) and the transformant group introduced 
with the genes of both enzymes (AB1-AB5) (upper panel). Meanwhile, the 
transformants grew well (AB1-AB5) under the circumstance containing 

30 formaldehyde, however, plant growth was inhibited in the controls 

(CK1-CK5). Then difference was observed on the fresh weights of the plant 
bodies (middle panel, lower panel). This result indicates that the 
transformants have resistance to formaldehyde. 
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[0056] (Measurement of enzymatic activity) 

The enzymatic activities of HPS and PHI were measured by 
spectroscopic method at 30°C. In concrete, ribose-5-phosphate was used as 
the starting substrate, NADPH was produced through enzymatic reaction by 
5 HPS and PHI by formaldehyde dependent manner, and the produced NADPH 
was detected at 340 nm to measure the enzymatic activity. In short, 
pre-incubation was performed for 2-3 minutes at 30°C, protein extract and 50 
pi formaldehyde (50 mM) were added to it, and enzymatic reaction was 
performed in the reaction mixture described below. The formulation of the 
10 mixture for the enzymatic reaction per lml is as follows. 
[0057] 

KPB (Potassium phosphate buffer), pH 7.5 50 mM 

MgCl 2 2.5 mM 

Ri5P (Ribose-5-phosphate) 2.5 mM 

15 HCHO (formaldehyde) 2,5 mM 

NADP + 2.5 mM 

PRI (Phosphoriboisomerase) 10 U/ml 

PGI (Phosphoglucoisomerase) 10 U/ml 

GDH (Glucosephosphate dehydrogenase) 10 U/ml 
20 HPS (3-Hexulose-6-phosphate synthase) 10 U/ml 

(Plant protein extract 0.05 ml) 

PHI (6-Phosphohexulose isomerase) 10 U/ml 

(Plant protein extract 0.05 ml) 

dH 2 0 0.55 ml 

25 [0058] Meanwhile in this reaction solution, authentic PHI was used when 

enzymatic activity of PHI was measured, and authentic HPS was used when 

enzymatic activity of HPS was measured. 

[0059] The HPS activity and the PHI activity measured by the method are 
shown in Fig. 8 (Fig. 8 left panel: HPS activity, right panel: PHI activity). As 
30 well, the principle of the assay for measurement of the enzymatic activity is 
shown in the upper panel of Fig. 8. AB1 and AB2 were introduced with the 
both of rmpA gene and rmpB gene, and enzymatic activities of the both 
enzymes were detected in AB1 and AB2, as shown in Fig. 8. Moreover, Al 
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was introduced with rmpA gene and only HPS activity was detected in Al, and 
A2 was introduced with rmpB gene and only PHI activity was detected in A2. 
[0060] (Intake of formaldehyde) 

The seedlings of Arabidopsis thaliana (20 plants for each group) were 
5 transferred into plant boxes (370ml), they were grown for 3 to 4 weeks until 
reaching to their bolting stage. Thereafter, 50|ul of formaldehyde (37%) was 
added to 1.5 ml micro-tubes and they were set at the corner of the plant boxes. 
Three to four weeks later, the covers of the plant boxes were changed to new 
ones having apertures in the middle of the covers. Formaldehyde detectors 
10 were set at the apertures and intake of formaldehyde was detected. The 
measurement was stopped 3.5 hours after setting of the detectors, and 
photographs were taken. 

[0061] The results of the transformants (AB1 : left panel, AB2 : middle panel), 
as well as the result of the control (CK : right panel, the plant body 

15 transformed by an empty vector not containing HPS gene or PHI gene) were 
shown in Fig. 9. From the photograph of Fig. 9, it was shown that the 
seedlings of the transformants grew well, whereas the growth was inhibited in 
the control, indicating that the transformants exhibit formaldehyde resistance. 
Moreover, concentration of formaldehyde detected after 3.5 hours was 

20 approximately 4 ppm for AB1 and AB2, on the other hand, the formaldehyde 
concentration detected for the control plant was above 20 ppm. This result 
indicates that formaldehyde in the atmosphere was absorbed by AB1 and AB2. 
Meanwhile, the amount of formaldehyde detected by the detector varies in 
proportion to the detection time, therefore, one can obtain the actual 

25 formaldehyde concentration by dividing the value detected from the detector 
with the detection time. 

[0062] Furthermore, the intake of formaldehyde in the water solution was 
also investigated. After selection by antibiotics, seedling was grown two 
weeks on MS agar medium not containing antibiotics. The plant body (0.3g) 
30 was immersed into 10 ml formaldehyde solution, and formaldehyde 
concentration in the solution was measured after 30 hours. 
[0063] As the result, it was observed that the concentration of formaldehyde 
decreased significantly in the transformant (AB : right column), compared 
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with the control (CK : left column) (Fig. 10). In Fig. 10, the vertical axis 
indicates the ratio of residual formaldehyde. Especially, when the initial 
concentration of formaldehyde is 5 mM, the ratio of residual formaldehyde 
decreased to approximately 10%, suggesting significant difference compared 
5 with the control. This result also indicates that the transformant intakes 
formaldehyde. 

[0064] Example 2 : Analysis using tobacco 
(Incorporation of gene and its confirmation) 

In the same way as experiments using Arabidopsis thaliana, rmpA 

10 gene and rmpB gene were introduced into tabacco to produce transformed 
tobacco. Investigation was made on PCR and northern analysis, and in the 
transgenic plant introduced with rmpA gene and rmpB gene, the existence of 
both genes was confirmed. In addition, the expression of protein caused by 
the introduced gene was confirmed by western blot analysis, and expression of 

15 HPS protein caused by rmpA gene was also confirmed, 
[0065] (Measurement of enzymatic activity) 

The enzymatic activities of HPS and PHI observed in the transgenic 
tobacco plant thus produced are shown in Fig. 11 (upper panel : HPS activity, 
lower panel : PHI activity). Both of rmpA gene and rmpB gene were 

20 introduced in AB2, AB5 and AB6, therefore, both of the HPS and PHI 
enzymatic activities were detected in them. Moreover, the enzymatic 
activities of HPS and PHI were low in the wild-type (WT) and the control 
(CK). 

[0066] (Intake of formaldehyde) 

25 The transgenic tobacco was proliferated by cuttage, then they were 

transferred to agar medium not containing antibiotics for root growth. Two 
weeks later, 100 jul of formaldehyde (37%) was put in a plant box (370 ml) 
and formaldehyde was allowed to evaporate into the air. Two months later, 
The formaldehyde detector was set like the case of Arabidopsis thaliana, the 

30 measurement was stopped four hours later from the setting, and photograph 
was taken. 

[0067] The result obtained on AB5 (transformant : left side) and that obtained 
on CK (control : right side) were shown in Fig. 12. From the photograph of 
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Fig.12, it was shown that the seedling grew well in the transformant, whereas 
inhibition of growth was observed in the control, indicating that the 
transformant was resistant to formaldehyde. Furthermore, the degree of 
coloring was evaluated 4 hours later from the setting, and the formaldehyde 
5 concentration in the plant box was estimated to be approximately 3 ppm for 
AB5. On the other hand, the concentration was estimated to be higher than 
20 ppm for the control plant. From the difference, it was confirmed that AB5 
absorbed formaldehyde in the atmosphere. 
[0068] (Resistance against formaldehyde) 

10 After selection by antibiotics, seedlings of the transgenic tobacco was 

transferred onto MS medium not containing antibiotics, then grown for one 
week. Ten ±il of 37% formaldehyde was added into a micro-tube and it was 
put into plant box. Two weeks later, 10 \xl formaldehyde was re-supplied to 
the same micro-tube. This procedure was repeated twice after another two 

15 weeks. The plant was grown for 4 weeks and photograph was taken after the 
growth (Fig. 13). In Fig, 13, the upper photographs represent the 
transformants, and the lower photographs represent the wild-type plants or 
control plants. As the result, the effect of formaldehyde treatment was not 
recognized in the transformants (AB7, AB8), and no difference was observed 

20 from the non-treated group (Fig. 13 : left side of the upper panel). On the 
other hand, compared with the non-treated group, significant growth 
inhibition was observed in the wild-type (WT) and in the control (CK) 
(Fig. 13 : middle and right side of the lower panel). 
[0069] (Effect of formaldehyde on the root growth of tobacco plant) 

25 After selection by antibiotics, seedlings of transformants was 

transferred onto MS medium not containing antibiotics, and grown for one 
week. Formaldehyde was added into a micro-tube and it was placed in the 
plant box. Two weeks later, the plants were removed from the box, and the 
effect of formaldehyde exerted on the growth of root was investigated (Fig. 14). 

30 As the result, treatment by 2 jlxI formaldehyde (37%) did not effect on the root 
growth of the transgenic plant (AB5), and root growth was recognized even 
under treatment by 10 |j,l formaldehyde (37%) (Fig. 14 : upper panel). On the 
other hand, root growth of the control plant (CK) was significantly inhibited, 
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under treatment by 2 jal formaldehyde (37%) (Fig. 14 : lower panel). 
[0070] (Investigation on the crossed line of the plant) 

The plant line expressing rmpA gene (A-l) and that expressing rmpB 
gene (B-l) were intercrossed (A-l X B-l), and the seeds of the crossed plant 
5 were obtained. It was grown 3 weeks on agar medium not containing 
antibiotics, photograph was taken after 4 weeks (Fig. 15). The samples 
treated by 20 jal fmaldehyde were shown in the left side, and those not treated 
by formaldehyde were shown in the right side. 

[0071] As the result, in the A-l line (Fig. 15 : upper panel) expressing only 

10 HPS and in the B-l line (Fig 15 : middle panel) expressing only PHI, 

inhibition in growth was observed when treated by 20 \xl formaldehyde (37%). 
On the other side, in A-l X B-l (Fig 15 : lower side) which is assumed to be 
expressing both enzymes, growth was not effected by formaldehyde treatment. 
Therefore, it was confirmed that simultaneous expression of both of A-l and 

15 B-l was required to obtain formaldehyde resistance. 
[0072] Industrial applicability 

According to this invention, by introducing genes encoding 
hexulose-6-phosphate synthase and 6-phosphohexulose isomerase into a plant 
to have the genes expressed in the chloroplast of the plant, a transgenic plant 

20 having a pathway to metabolize formaldehyde through the Calvin cycle is 
provided. The transgenic plant according to this invention has resistance 
against formaldehyde and is capable of reducing the level of environmental 
formaldehyde significantly. Therefore, it is assumed that the transgenic 
plant according to this invention can be used to purify environmental 

25 condition, by placing it in a residence or in an office. 
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